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(54) Title: MODULAR TWO PART FUEL INJECTOR 
(57) Abstract 

A solenoid actuated fuel injector (10) for use with an 
internal combustion engine includes a hydraulic metering 
subassembly (12) and a power group subassembly (14). 
The hydraulic metering, subassembly (12) includes a 
fuel path (18) and an armature/needle assembly (16) 
movable between valve closed and open positions and 
calibrated independent of the power group subassembly 
to meter the discharge of fuel from the injector. The 
power group subassembly (14) provides a magnetic flux 
return path and electromagnetic forces that move the 
armature/needle assembly (16) between the valve closed 
and open positions. By providing an independently 
operational, calibrated hydraulic subassembly, a variety 
of different types of power group subassemblies may be 
used with the hydraulic metering subassembly resulting in 
design flexibility and a manufacturing process that is more 
flexible and cost efficient. 
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MODULAR TWO PART FUEL INJECTOR 

Field of the Invention 

This invention relates to solenoid operated fuel injectors that are 
used in fuel injection systems of internal combustion engines and, in particular, 
to fuel injectors having two independent subassemblies. 

Background of the Invention 

It is known in the art relating to fuel injectors for internal 
combustion engines to assemble a valve group subassembly and a power 
group subassembly which are then assembled together. After final assembly, 
the coil associated with the power group subassembly, and now part of the 
injector, is energized and used to calibrate the assembled injector. Such an 
injector assembly is limited to a specific power group subassembly because 
that power group subassembly was used to calibrate the injector. 

Summary of the Invention 

The present invention provides a solenoid actuated fuel injector 
that is not limited to use with a specific power group subassembly. More 
specifically, the injector of the present invention is comprised of an 
independently operational and calibrated hydraulic metering subassembly and 
an independent power group subassembly, making it possible to use the 
hydraulic metering assembly with any of a variety of power group 
subassemblies. 

As hereinafter more fully described, a master coil associated with 
a t st unit is used to calibrate the fuel m tering subassembly inst ad of 
calibrating the injector using its own coil or pow r group subassembly. As such, 
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the power group subassembly can be added at a later time to the hydraulic 
metering subassembly to make a complete working injector. Therefore, by 
having two independent subassemblies, costly production operations are 
eliminated, particularly in the area of tooling and changeovers for electrical 
connector variations. 

A method of making the solenoid actuated fuel injector includes 
assembling a hydraulic metering subassembly having an armature/needle 
assembly movable between open and closed positions to meter the discharge 
of fuel from the injector. The hydraulic metering subassembly is calibrated with 
a master coil associated with a test unit. Then, the power group subassembly 
having an actuating coil and a magnetic flux return path is assembled. Finally, 
the two subassemblies are mechanically connected together such that a 
magnetic circuit is completed between the subassemblies to operate the 
armature/needle assembly between open and closed positions upon energizing 
and deenergizing of the coil. 

As stated, the fuel injector of the present invention includes a 
hydraulic metering subassembly and a power group subassembly. The 
hydraulic metering subassembly has an elongated ferromagnetic inlet tube for 
conveying fuel from a fuel inlet to a fuel outlet. A valve body shell is connected 
to an end of the inlet tube and encloses an upper end of a valve body assembly 
having an armature/needle assembly. Fuel is prevented from or allowed to 
discharge from the injector by moving the armature/valve assembly between 
valve closed and open positions. The inlet tube, valve body and valve body 
assembly are welded together to form a completely sealed hydraulic metering 
subassembly. 

The power group subassembly has a coil assembly housing 
including a magnetic flux return path. The housing ncloses a coil assembly 
which generates electromagnetic forces to move the armature/needle assembly 
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between the valve closed and open positions. The power group subassembly 
may comprise different shapes or types of coil assemblies depending on the 
particular fuel rail with which the injector is to be used, since the hydraulic 
metering subassembly is completely separate from the power group 
subassembly. However, the injector is completed when the power group 
subassembly is secured to the hydraulic metering subassembly so that a 
magnetic circuit is completed between them to operate the fuel injector. 

These and other features and advantages of the invention will be 
more fully understood from the following detailed description of the invention 
taken together with the accompanying drawings. 

Brief Description of the Drawings 

The accompanying drawings, which are incorporated herein and 
constitute part of this specification, illustrate presently preferred embodiments 
of the invention, and, together with a general description given above and the 
detailed description of the preferred embodiments given below, serve to 
explain the principles of the invention. 

FIG. 1 is a schematic view of a fuel injector having a hydraulic 
subassembly and a power group subassembly constructed in accordance with 
the present invention; 

FIG. 2 is a longitudinal cross-sectional view of a fuel injector 
constructed in accordance with the present invention; and 

FIGS. 3-14 are respective longitudinal cross-sectional views 
illustrating a sequence of steps occurring during assembly of a fuel injector. 
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Detailed Description of the Invention 

Referring now to FIGS. 1 and 2 of the drawings in detail, numeral 
10 generally indicates a fuel injector having hydraulic metering and power 
group subassemblies 12,14. The hydraulic metering subassembly 12 includes 
a calibrated spring biased armature/needle assembly 16 movable between 
valve closed and open positions to meter the discharge of fuel from the injector 
10. The power group subassembly 14 provides a magnetic flux return path and 
the electromagnetic forces that move the armature/needle assembly 16 
between the valve closed and open positions. By providing an independently 
assembled and calibrated hydraulic metering subassembly, a variety of 
different types of power group subassemblies may be used resulting in a 
manufacturing process that is more flexible and cost efficient. 

Referring to FIG. 1, the hydraulic metering subassembly 12 
includes a ferromagnetic fuel inlet tube 18 which conveys fuel from a fuel inlet 
20 to a fuel outlet 22. Fuel from a fuel supply 24 enters the fuel injector 10 
through the fuel inlet 20 which is located at an end opposite a discharge end of 
the injector 10. An O-ring 26 as illustrated may be disposed around the outside 
of fuel inlet tube 18 just below fuel inlet 20 to seal the fuel inlet 20 to a cup, or 
socket, in an associated fuel rail (not shown). Alternatively, other sealing 
arrangements, such as use of a molded fuel rail with a rubber surface, may 
provide the sealing. A lower O-ring 28 provides a fluid-tight seal with a port in 
an engine induction system (not shown) when the fuel injector is installed in an 
engine. 

A non-magnetic shell 30 connects a valve body shell 32 to an end 
34 of the inlet tube 18 opposite the fuel inlet 20. The valve body shell 32 
encloses an upper end 36 of a valve body assembly 38. The valve body 
assembly 38 includes an upper guide eyelet 40 mounted on one end of a valve 
body 42 which ncloses the armature/needle assembly 16. The 
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armature/needle assembly 16 includes an armature 44 connected with a 
needle valve 46. Also, stacked within the valve body 42 is a lower screen 48, 
valve seat 50, O-ring 52, orifice disk 54 and backup retainer member 56. 

The valve seat 50 is at one end 58 of the valve body 42 which 
includes a seating surface 60 of a frustoconical or concave shape facing the 
interior of the valve body 42. When the needle valve 46 is lifted off the valve 
seat 50, fuel is discharged from the fuel injector 1 0 through a central opening 
62 in the valve seat 50. The needle valve 46 is normally urged against the 
valve seat 50 in the valve closed position by a biasing member, or spring 64, 
located between the armature 44 and an adjustment tube 66. The spring 64 is 
compressed to a desired bias force by the adjustment tube 66 which is pressed 
to an axial position within the fuel inlet tube 18. A fuel filter 68 is fitted into the 
upper end of the fuel inlet tube 18 to filter particulate matter from the fuel. 

The power group subassembly 14 includes a coil assembly 
housing 70 enclosing a coil assembly 72. The coil assembly 72 includes a 
plastic bobbin 74 on which an electromagnetic coil 76 is wound. Electrical 
terminals 78 are connected between a control unit 79 and the coil 76 for 
providing energizing voltage to the coil 76 that operates the fuel injector 10. 
The power group subassembly 14 is secured to the hydraulic metering 
subassembly 12 to complete a magnetic circuit to operate the fuel injector 10. 

When the coil 76 is energized, a magnetic field is developed that 
forms the magnetic circuit extending from the coil assembly housing 70 through 
the valve body shell 32 and the valve body assembly 38 to the armature 44 and 
from the armature 44, across a working gap 80 between the armature 44 and 
the inlet tube 18 and through the inlet tube 18 back to the coil assembly 
housing 70. A magnetic attraction is thereby created which draws the armature 
44 to the inl t tube 18 against the force of the spring 64, closing the working 
gap 80. This movement unseats the needle valve 46 from the valve seat 50 
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toward the valve open position, allowing fuel to be discharged from the injector 
10. 

Injector 10 is made of two subassemblies 12,14 that are each first 
assembled and then mechanically connected together to form the injector 10. 
The two subassemblies, as mentioned, are a hydraulic metering subassembly 
12 and a power group subassembly 14. By having two completely separate 
subassemblies 12,14, the hydraulic metering subassembly 12 may be 
calibrated with a master coil assembly, rather than with its own power group 
subassembly. Then, one of various forms of power group subassemblies may 
be added at a later time to complete the working injector 10. 

FIGS. 3-14 illustrate steps in a the method of making the fuel 
injector of the present invention. As shown in FIGS. 3 and 4, a non-magnetic 
shell 30 is pressed into the valve body shell 32 and is hermetically welded to 
the valve body shell 32. Then, the fuel inlet tube 18 is pressed into the non- 
magnetic shell 30 and is hermetically welded, preferably laser welded, to the 
non-magnetic shell 30 as shown in FIGS. 5 and 6. 

Next, as shown in FIGS 7-10, the valve body assembly 38 is 
assembled by securing the upper guide eyelet 40 onto the valve body 42 by 
crimping it in place (FIG. 7). The lower screen 48, valve seat 50, O-ring 52, 
orifice disk 54 and backup retainer member 56 are loaded into the valve body 
42 and then held in a desired position while the end of the valve body 42 is bent 
inwardly (FIG. 8). The armature 44 is connected with the needle valve 46 to 
form the armature/needle assembly 16 (FIG. 9) and disposed within the valve 
body 42 (FIG. 10). 

FIGS. 11 and 12 depict the steps of inserting the valve body 
assembly 38 into the valve body shell 32 and welding, preferably laser welding, 
the valve body assembly 38 to the valve body shell 32. The adjustment tube 66 
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and spring 64 are installed into the inlet tube 18 as shown in FIG. 13. Then the 
hydraulic metering subassembly 12 is calibrated with a master coil assembly 
associated with a test unit by adjusting the relative positioning of the adjustment 
tube 66 in the inlet tube 1 8 to provide the correct biasing force and crimping the 
adjustment tube 66 in place. The fuel filter 68 is then mounted in the inlet tube 
18 to complete the hydraulic subassembly 12 as shown in FIG. 13. 

The power group subassembly 14 is constructed as follows. The 
plastic bobbin 74 is molded with the electrical terminals 78. The coil 76 is 
wound around the plastic bobbin 74 to form the coil assembly 72. The coil 
assembly 72 is placed into the coil assembly housing 70. The housing 70 and 
coil assembly 72 are then overmolded to complete the power group 
subassembly 14. 

FIG. 14 depicts the step of mechanically connecting the power 
group subassembly 14 to the hydraulic metering subassembly 12 to complete 
the assembly of the fuel injector 10. The two subassemblies 12,14 are 
connected such that the magnetic circuit is completed between the 
subassemblies 12,14 to operate the fuel injector 10. 

Although the invention has been described by reference to a 
specific embodiment, it should be understood that numerous changes may be 
made within the spirit and scope of the inventive concepts described. 
Accordingly, it is intended that the invention not be limited to the described 
embodiment, but that it have the full scope defined by the language of the 
following claims. 
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Claims 

What is claimed is: 

1 . A method of making a solenoid actuated fuel injector for 
use with an internal combustion engine, the method comprising the steps of: 

assembling a hydraulic metering subassembly having an 
armature/needle assembly movable between open and closed positions to 
meter the discharge of fuel from the injector, 

calibrating the hydraulic metering subassembly using a master 

coil; and 

assembling a power group subassembly onto the calibrated 
hydraulic metering subassembly to complete the fuel injector. 

2. A method as in claim 1 wherein the step of assembling the 
power group comprises the steps of: 

assembling a power group subassembly including a magnetic flux 

return path; and 

assembling and welding the power group subassembly to the 
hydraulic metering subassembly to complete a magnetic circuit between said 
subassemblies to operate the fuel injector. 

3. A method as in claim 2 wherein the step of assembling the 
power group subassembly comprises the steps of: 

assembling a coil assembly; and 

inserting said coil assembly into a coil assembly housing having 
said magnetic flux return path. 
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4. A method as in claim 1 wherein the step of assembling the 
hydraulic metering subassembly comprises the steps of: 

pressing a non-magnetic shell onto a valve body shell; 
hermetically welding the non-magnetic shell to the valve body 

shell; 

pressing a fuel inlet tube into the non-magnetic shell; 
hermetically welding the fuel inlet tube to the non-magnetic shell; 
assembling a valve body assembly; 

inserting the valve body assembly into the valve body shell; and 
installing an adjustment tube and a biasing member into the inlet 

tube. 

5. A method as in claim 4 wherein the step of assembling the 
valve body assembly comprises the steps of: 

securing an upper guide member onto a valve body; 

stacking a lower screen, valve seat assembly, O-ring, orifice disk 
and backup retainer member into the valve body; 

connecting a needle valve to an armature to provide an 
armature/needle assembly; and 

disposing the armature/needle assembly into the valve body. 

6. A solenoid actuated fuel injector for use with an internal 
combustion engine having a valve group and a power group, said valve group 
comprising: 

a hydraulic metering subassembly having an elongated 
ferromagnetic inlet tube for conveying fuel from a fuel inlet to a fuel outlet, a 
valve body shell connected to an end of said inlet tube and enclosing an upper 
end of a valve body assembly having an armature/needle assembly movable 
between valve closed and open positions and calibrated independent of said 
power group to meter fuel flow, and wherein said inlet tube, valve body shell 
and valve body assembly are hermetically sealed together to form said 
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hydraulic metering subassembly. 

7. A fuel injector as in claim 6 wherein the power group is a 
power group subassembly having a coil assembly housing including a magnetic 
flux return path and enclosing a coil assembly for generating electromagnetic 
forces to move the armature/needle assembly between the valve closed and 
open positions, said power group subassembly secured to the hydraulic 
metering subassembly for providing a magnetic circuit between said 
subassemblies to operate the fuel injector. 

8. A fuel injector as in claim 7 wherein the valve body 

assembly comprises: 

a valve body including a valve seat and enclosing an armature 
connected with a needle valve to form the armature/needle assembly movable 
toward and away from the valve seat between the valve closed and open 
positions; and 

a biasing member biasing the armature toward the valve seat and 
the valve closed position, the armature being magnetically attracted away from 
the valve seat upon energizing of the coil assembly, thereby opening the fuel 
injector and allowing fuel to be injected. 

9. A fuel injector as in claim 7 wherein the magnetic circuit 
extends from the coil assembly housing through the valve body shell and the 
valve body assembly to the armature and from the armature across a working 
gap between the armature and the inlet tube and through the inlet tube back to 
the coil assembly housing, whereby a magnetic attraction is created drawing 
the armature to the inlet tube against the force of the biasing means, closing 
the working gap, opening the fuel injector and allowing fuel to spray from the 
fuel injector. 
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10. A fuel injector as in claim 7 wherein the inlet tube, valve 
body shell and valve body assembly are laser welded together to provide a 
fluid-tight seal. 

11. A fuel injector as in claim 7 wherein the power group 
subassembly is mechanically connected to the hydraulic metering 
subassembly. 

12. A fuel injection system for use with an internal combustion 
engine comprising: 

a fuel injector including a hydraulic metering subassembly and a 
power group subassembly; 

said hydraulic metering subassembly including an elongated inlet 
tube for conveying fuel from a fuel inlet to a fuel outlet, a valve body shell 
connected to an end of said inlet tube and enclosing an upper end of a valve 
body assembly having an armature/needle assembly moveable between valve 
closed and open positions and calibrated independent of said power group 
subassembly to meter fuel flow, and wherein said inlet tube, valve body shell 
and valve body assembly are hermetically sealed together to form the hydraulic 
metering subassembly; 

a power group subassembly having a coil assembly housing 
including a magnetic flux return path and enclosing a coil assembly for 
generating electromagnetic forces to move the armature/needle assembly 
between closed and open positions, said power group subassembly secured to 
the hydraulic metering subassembly for providing a magnetic circuit between 
said subassemblies; 

a fuel supply connected to the fuel inlet of said hydraulic metering 
subassembly for supplying pressurized fuel to the injector; and 

a control unit electrically connected to the coil assembly of the 
power group subassembly for energizing the coil to operate the fuel injector. 

li 
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13. A fuel injection system as in claim 12 wherein the inlet 
tube, valve body shell and valve body assembly are laser welded together to 
provide a fluid-tight seal. 

14. A fuel injection system as in claim 12 wherein the valve 

body assembly comprises: 

a valve body including a valve seat and enclosing an armature 
connected with a needle valve to form the armature/needle assembly movable 
toward and away the valve seat between the valve closed and open positions; 

a biasing member biasing the armature toward the valve seat and 
the valve closed position, the armature being magnetically attracted away from 
the valve seat upon energizing of the coil assembly, thereby opening the fuel 
injector and allowing fuel to be injected. 

15. A fuel injection system as in claim 12 wherein the 
magnetic circuit extends from the coil assembly housing through the valve body 
shell and the valve body assembly to the armature and from the armature 
across a working gap between the armature and the inlet tube and through the 
inlet tube back to the coil assembly housing, whereby a magnetic attraction is 
created drawing the armature to the inlet tube against the force of the biasing 
means, closing the working gap, opening the fuel injector and allowing fuel to 
spray from the fuel injector. 

16. A fuel injection system as in claim 12 wherein the power 
group subassembly is mechanically connected to the hydraulic metering 
subassembly. 



12 



WO 00/43666 



1/5 



PCT/USOO/01101 




WO 00/43666 PCT/USOO/01101 

2/5 




1 I 

WO 00/43666 PCT/USOO/01 101 



3/5 



CO 
CD. 




ID 
CD 





WO 00/43666 



I*'CT/USo'o/Ol'l01 



4/5 



FIG. 7 



40 





FIG. 10 




WO 00/43666 



PCT/USOO/01101 



5/5 




INTERNATIONAL SEARCH REPORT 



* Sl- 
im, attonal Application No ■ 

PCT/US 00/01101 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 F02M61/16 F02M51/06 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 F02M 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name ol data base and. where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 5 692 723 A (BAXTER RANDY C ET AL) 
2 December 1997 (1997-12-02) 

column 6, line 7 -column 15, line 36 
figures 1,4,5 

W0 98 05861 A (BOSCH GMBH ROBERT ;MAIER 
STEFAN (JP)) 12 February 1998 (1998-02-12) 

page 4, line 22 -page 11, line 24 
figures 



1-3,6-9, 

11,12, 

14-16 



I, 6-9, 

II. 12, 
14-16 



□ 



Further documents are listed in the continuation of box C. 



Patent family members are isted in annex. 



° Special categories of cited documents : 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
•E" earlier document but published on or after the international 

filing date 

*L* document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

•p- document published prior to the international fling date but 
later than the priority date claimed 



*T* later dccument published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

•X* document of particular relevance; the claimed invention 
cannot be cccisktered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

•V document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skiBed 
in the art 

document member of the same patent family 



Date of the actual completion of the international search 



5 June 2000 



Date of mailing of the international search report 



09/06/2000 



Name and mailing address of tie ISA 

European Patent Office. PB. 5818 Patentlaan 2 
NL - 2280 HV Rfjswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo ri. 
Fax: (+31-70) 340-0010 



Authorized officer 



Ingegneri , M 



Form PCT/ISA/210 (second <h*«t) (Ji4y 1992) 



. INTERNATIONAL SEARCH REPORT 

Information on patent family member* 



Inte ional Application No 

PCT/US 00/01101 



Patent document 




Publication 




Patent family 




Publication 


cited in search report 




date 




member(s) 




dat 


US 5692723 


A 


02-12-1997 


US 


5937887 


A 


17-08-1999 








us 


5979866 


A 


09-11-1999 


U0 9805861 


A 


12r02-1998 


DE 


19631280 


A 


05-02-1998 








CN 


1198199 


A 


04-11-1998 








EP 


0865574 


A 


23-09-1998 








JP 


11513101 


T 


09-11-1999 








US 


6012655 


A 


11-01-2000 



Farm PCT/ISA/210 (pMM **a*f ann*«| (Aiy 1 M2) 



THIS PAGE BLANK vimo) 



